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(57)Abstract: 

PURPOSE: To reduce initial cost by introducing an inert 
gas into a furnace, decreasing the external pressure and 
performing brazing thereby providing the strength of the 
furnace to the extent that the furnace withstands the 
condition during cleaning of an assembling material. 
CONSTITUTION: A bell-jar 3 is risen from a base plate 1 
and after an assembling material 13 is fixed on a stage 8, 
the bell-jar 3 is descended to close the bottom open 
end thereof. A gas feed valve 13 is then closed and a 
gas discharge valve 11 is opened to evacuate the gas 
from the inside of the bell-jar then an inert gas is 
introduced therein through the valve 12. Electricity is 
conducted to a primary coil 4 to heat the material 13 by 
the radiation heat of the bell-jar 3 generated by the 
conduction of electricity. When ion bombardment is 
performed by impressing a high voltage between the 
material 13 and the bell-jar 3 in this state, the oil- 
component and oxidized film of the material 13 are 
removed and are captured in a trap 10. The conduction 

of the high voltage is then stopped and the inert gas is further introduced through the valve 12. 
The voltage to the coil 4 is increased to heat the bell-jar 3 until the material 13 attains a 
prescribed temp, by which the respective members are brazed to each other. 
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1. Title of the Invention: 

Method of Vacuum-Brazing Aluminum Material 

2. Claims: 

(1) An aluminum vacuum-brazing method comprising: placing, in a 
furnace with a metallic bell jar hermetically disposed on a metallic base plate 
in the furnace, an aluminum temporary assembly, which has been clad with a 
brazing material or has a brazing material disposed at necessary locations 
thereon, with an electrically insulating material interposed between the base 
plate and the temporary assembly; evacuating the furnace, introducing some 
amount of inert gas into the furnace, and place the interior of the furnace to a 
high vacuum; after that, heating the aluminum temporary assembly to an 
appropriate temperature, and applying a high voltage between the aluminum 
temporary assembly and the bell jar to thereby clean the aluminum temporary 
assembly; introducing an additional amount of the inert gas into said furnace to 
place the interior of the furnace to a low vacuum and stopping the supply of the 
high voltage; and raising the temperature of the aluminum temporary assembly 
to or above the melting point of the brazing material. 

(2) The method according to Claim 1, wherein the aluminum temporary 
assembly is heated with radiant heat from the bell jar heated by induction 
heating. 

(3) The method according to Claim 1, wherein an electric heater is 
disposed at an appropriate location of the furnace for heating the aluminum 
temporary assembly. 

3. Detailed Description: 

The present invention relates to a vacuum-brazing method, in which a 
temporarily assembled heat exchanger made of aluminum (hereinafter referred 
to temporary assembly) clad with brazing material beforehand, or a temporary 



l 



1 

assembly with brazing material disposed at appropriate locations thereon, is 
vacuum-brazed after removing oil, oxide films and the like from the surface of 
such temporary assembly. 

In these years, for making cars light and also for economy, cars employ 
5 heat exchangers made of aluminum. 

Brazing of such aluminum heat exchangers is impossible if oil and oxide 
films are present on surfaces of components of the heat exchangers. 
Accordingly, it is conventional to remove oil or grease from components with an 
organic solvent and removing oxide films by chemical cleaning, before brazing 
10 them. 

However, organic solvent effluents and chemical cleaning effluents can be 
sources of pollution, and, therefore, a system for purifying them must be 
employed. In addition, when the temporary assembly is taken out of a 
cleaning vessel after cleaning, the surface of the temporary assembly is 

15 possibly contaminated. Also, the number of processing steps of such 
conventional technique disadvantageously is large. 

To overcome the above-described disadvantages, the applicant disclosed, 
in JP 56-14392 B, a method, according to which a temporary assembly is 
placed in a vacuum vessel for cleaning, and inert gas is introduced into the 

20 vessel, while keeping the interior of the vessel at a reduced pressure close to a 
vacuum. Then, within the inert gas atmosphere, the temporary assembly is 
heated by a heater or ion-bombarded to clean it, and, after that, the temporary 
assembly is heated for vacuum-brazing. These steps are carried out in a 
single or contiguous vacuum chambers kept at a reduced pressure. 

25 The applicant also filed Japanese Patent Application No. SHO 57-066241, 

in which the applicant disclosed a system for cleaning and brazing a temporary 
assembly in a small-sized single bell jar having a size just enough to cover one 
temporary assembly, whereby the thermal efficiency and productivity can be 
improved. 

30 However, according to the above-described two systems, temporary 

assemblies are brazed at high temperature and in a high vacuum, a furnace 
used, including a vacuum vessel and a bell jar, must be strong enough to 
endure external pressure even in a high temperature environment where the 
strength tends to decrease. Then, the furnace inevitably is heavy and 
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expensive, and, further, it requires time and trouble to place a temporary 
assembly in the furnace and taking the brazed assembly from the furnace. 

The present invention provides a vacuum-brazing method, according to 
which inert gas is introduced into a furnace to thereby make it possible to 
5 achieve brazing under reduced influence of external pressure so that the 
furnace needs to bear the conditions (e.g. 250 °C and one (1) atmospheric 
pressure) to be met during cleaning temporary assembly. Now, the present 
invention is described how it can bee practiced by the use of the system 
disclosed in Japanese Patent Application No. SHO 57-066241, by way of 
io example. 

A bell jar 3 made of metal, e.g. stainless steel, having a relatively high 
electric resistance has a lower end opening of which edge contacts the upper 
surface of a horizontally disposed ring-shaped base plate 1, with an insulating, 
ring-shaped gasket disposed therebetween. 
15 The size of the bell jar 3 is as small as possible only if it can house a 

temporary assembly to be brazed. 

A plurality of cores 5 each including a primary coil 4 are mounted on the 
outer surface of the trunk of the bell jar 3, with the primary coils 4 connected to 
an AC power supply (not shown). 
20 The entire external surface of the bell jar 3 is covered with a 

heat-resistant, heat-insulating material 6. 

Six (6) U-shaped bars of copper 7 having a shape similar to the primary 
coils 4 (sic) and the same size as the primary coils 4 [sic) are fitted over the 
primary coils 4 at equal angular intervals. The top and bottom ends of each 
25 copper bar 7 are electrically connected to the top center and lower edge of the 
bell jar 3, respectively. 

An electric closed circuit formed of each copper bar 7 and the bell jar 3 
provides a single-turn secondary coil of a transformer which is formed by these 
closed circuits, the primary coils 4 and the cores 5. 
30 When AC power is supplied to the primary coils 4, large current at a low 

voltage is induced in the bell jar 3 and the copper bars 7, which form the 
secondary coils, causing the bell jar 3, which has a relatively high electric 
resistance, to generate heat rapidly. 

A table 8 having electrically insulating legs 8a is disposed on the upper 
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surface of the base plate 1 within the bell jar 3. 

A window 1a is formed in the center portion of the base plate 1, and an 
evacuation vessel 9 extends vertically downward from the periphery of the 
window 1a. A trap 10 is disposed in the bottom of the evacuation vessel 9. 
5 The lower end of the trap 10 is coupled to an evacuating apparatus (not shown) 
and an inert gas source (not shown) via an evacuation valve 11 and an intake 
valve 12, respectively. 

A temporary assembly is brazed in accordance with the method of the 
present invention, using the system described above, in the following manner. 
10 First, by appropriate means, e.g. using a chain block, the bell jar 3 is raised off 
from the base plate 1, and a temporary assembly 13 is secured on the table 8. 
Then, the bell jar 3 is lowered to close its lower end opening. 

Thereafter, the intake valve 12 is closed and the evacuation valve 11 is 
opened to evacuate the bell jar 3. After that, some amount of inert gas is 
15 introduced through the intake valve 12 to raise the interior pressure to 1-10 
Torn 

Then, electric power is supplied to the primary coils 4 so that the bell jar 
3 can generate radiant heat for heating the temporary assembly 13 to a 
temperature of from 200 °C to 250 °C. 

20 In this state, a high voltage (of, for example, 1000 V or lower) is applied 

between the assembly 13 and the bell jar 3 to subject the assembly 13 to 
ion-bombardment for about fifteen (15) minutes, which results in removal of oil 
and oxide films on the surface of the temporary assembly 13. The removed 
oil and oxide films are trapped by the trap 11. 

25 Then, the supply of the high voltage is stopped, and, after that, an 

additional amount of inert gas is introduced to decrease the degree of vacuum. 
At the same time, a higher voltage is applied to the primary coils 4 to raise the 
temperature of the bell jar 3 further so as to place the temporary assembly 13 
at a temperature of about 600 °C, whereby members of the temporary 

30 assembly 13 are brazed to each other. 

After that, the evacuation is stopped and the evacuation valve 11 is 
closed, and, then, the intake valve 12 is opened to introduce the inert gas into 
the bell jar 3 to thereby cool the bell jar 3 and the assembly 13 and also to 
return the pressure in the bell jar 3 to atmospheric pressure. After that, the 
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bell jar 3 is raised upward, and the brazed assembly 13 is taken out. 

FIGURE 3 shows an arrangement including a rotary base plate 21 
rotatable in a direction indicated by an arrow, on which six of such 
vacuum-brazing system A as described above are circularly disposed. The 
5 respective systems A are successively evacuated via a centrally disposed 
evacuation pipe 22, and brazing can be completed as the rotary base plate 21 
rotates one rotation. 

With this arrangement, the steps of cleaning and brazing temporary 
assemblies 13 can be done automatically, and placing the temporary 
10 assemblies 13 in and taking out of the brazed assemblies 13 from the 
respective vacuum-brazing systems A can be done at a single location, so that 
the vacuum-brazing can be performed continuously and efficiently. 

In the described embodiments, the temporary assembly 13 is heated by 
means of the bell jar 3 heated by induction heating, but the assembly 13 may 
15 be heated by an ordinary heater disposed to contact an appropriate portion on 
or inside the bell jar 3. 

Alternatively, in order to place and take the assembly 13 in and out of the 
bell jar 3, the base plate 1 and the evacuation vessel 9 may be moved up and 
down with the bell jar 3 fixed, or the bell jar 3 or the base plate 1 may be tilted 
20 about a horizontal axis to open the bell jar 3. 

As described above, according to the present invention, the brazing is 
carried out with inert gas introduced into the bell jar 3, and, therefore, the 
difference between the external and internal pressures is small. Accordingly, 
only if the bell jar 3 can withstand the cleaning step, the external pressure can 
25 never collapse the bell jar 3 even when the strength of the bell jar 3 decreases 
due to increase of its temperature up to 600 °C or higher during the brazing 
step. 

Thus, the bell jar 3 can be made light-weighted and inexpensive, and 
temporary assemblies 13 can be taken in and out of the bell jar 3 swiftly, so 
30 that the productivity can increase. 

Although not illustrated, inert gas may be introduced into the bell jar 3 
from its top. 

Further, the vacuum-brazing method according to the present invention 
can be used not only for brazing aluminum temporary assemblies but also for 
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vacuum-brazing other aluminum members. 

4. Brief Description of the Drawings: 

FIGURE 1 is a longitudinal cross-sectional view of a bell-jar system, with 
which the brazing according to the present invention is being carried out; 

FIGURE 2 is its plan view; and 

FIGURE 3 shows a plan view of an arrangement using plural bell-jar 
systems, with which the brazing according to the present invention is being 
carried out. 

1: Base Plate 1a: Window 2: Gasket 3: Bell Jar 4: Primary 
Coils 5: Cores 6: Insulating Material 7: Copper Bars 8: Table 
8a: Table Legs 9: Evacuation Vessel 10: Trap 11: Evacuation 
Valve 12: Intake Valve 13: Temporary assembly 21: Rotary Base 
Plate 22: Evacuation Pipe A: Vacuum-brazing System 
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